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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A layout method of an integrated circuit characterized by adding a bypass means to be the layout method of 
an integrated circuit which applies scanning technique to an integrated circuit which outputs by performing 
predetermined processing to input data in normal operation mode, to perform said predetermined processing and EQC, 
or simpler processing when scanning mode is set up, and to output said input data. 

[Claim 2] In normal operation mode, an input operand and an input operation code are inputted. It is the layout method 
of an integrated circuit which performs predetermined processing specified by said input operation code, and applies 
scanning technique to an integrated circuit of an output operand and an output operation code which outputs either at 
least. When scanning mode is set up, irrespective of said predetermined processing specified by said input operation 
code A layout method of an integrated circuit characterized for a result which said predetermined processing fixed 
beforehand, an EQC, or simpler processing is performed [ result ] to said input operand, and may have had said 
processing performed by thing of said output operand and an output operation code outputted as either at least. 
[Claim 3] It is the integrated circuit with which scanning technique was applied to an integrated circuit which outputs by 
performing predetermined processing to input data in normal operation mode. Said integrated circuit for a means to 
perform said predetermined processing In addition, a scanning mode setting means to set up scanning mode, An 
integrated circuit characterized by having further a bypass means to perform said processing processing and EQC, or 
simpler processing, and to output said input data when said scanning mode is set up by said scanning mode setting 
means. 

[Claim 4] In normal operation mode, an input operand and an input operation code are inputted. It is the integrated 
circuit with which predetermined processing specified by said input operation code was performed, and scanning 
technique was applied to an integrated circuit of an output operand and an output operation code which outputs either at 
least. Said integrated circuit for a means to perform said predetermined processing In addition, a scanning mode setting 
means to set up scanning mode, When said scanning mode is set up by said scanning mode setting means, A processing 
means to perform said predetermined processing beforehand fixed irrespective of said predetermined processing 
specified by said input operation code, an EQC, or simpler processing to said input operand, An integrated circuit 
characterized by having further a means of said output operand and an output operation code to output as either at least 
for a result said processing means may have had said processing performed. 

[Claim 5] Said integrated circuit is a computing element. Said scanning mode setting means It is the scanning mode 
setting signal input terminal into which a scanning mode setting signal is inputted. Said processing means When said 
scanning mode setting signal is inputted, it is what performs said fixed processing to said input operand. Said output 
means An integrated circuit according to claim 4 characterized by being the thing of said output operand and an output 
operation code outputted as either at least about a result which said processing means processed. 
[Claim 6] Said integrated circuit is memory in which a store and read-out are possible, and is set to normal operation. 
Said input operand is a write data. Said input operation code The address, Said output operand is read-out data including 
a control signal which specifies a store or read-out. Said scanning mode setting means It is the scanning mode setting 
signal input terminal into which a scanning mode setting signal is inputted. Said processing means If said scanning 
mode setting signal is inputted, it is based on said control signal. It is the integrated circuit according to claim 4 which 
chooses and bypasses either said input operand or said input operand, and is characterized by said output means being 
what outputs what said processing means bypassed as said output operand. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This inventions are an integrated circuit and its layout method, and 
relate to the integrated circuit designed using the method of designing an integrated circuit especially using scanning 
technique, and its method. 
[0002] 

[Description of the Prior Art] Performing logic synthesis / automatic-layout wiring using a standard cell (henceforth 
SC), and realizing a desired circuit in recent years is performed. This is performing logic synthesis for the desired circuit 
where SC which has a fixed function is beforehand registered into the library, specification's was determined, and that 
logic configuration's was described with the function description language combining two or more SCs, creating a 
netlist and performing automatic-layout wiring using this list, and is the technique of realizing a circuit pattern. 
[0003] Since this technique can be generated automatically by even the circuit pattern for the function described with 
the function description language, it is effective in period compaction of layout, and improvement in layout flexibility. 
Therefore, the technique of the logic synthesis / automatic-layout wiring using SC is partially applied not only to ASIC 
(Application Specific IC) but to the microprocessor which needs highly efficient custom-made layout. 
[0004] Furthermore, by applying scanning technique for the formation of test easy, this technique can be generated 
automatically using ATPG (Auto Test Pattern Generator) for the test pattern at the time of product shipment, and can 
realize high fault coverage. 

[0005] It is the technique of it dividing roughly into the sequential circuit which consists a circuit of a flip-flop 
(henceforth F/F), and the combinational circuit which consists of the logical circuit which does not contain F/F, 
connecting F/F to a serial, considering as one shift register, inputting a desired value as scanning technique from the 
outside here, spreading to a combinational circuit, operating it, and picking-achieving results of operation one by one, 
and inspecting them from a shift register. Only the portion can be started as a small circuit of a scale, and the logical 
circuit across which it faced between scanning F/F can make it a subject of examination. Therefore, it becomes possible 
to analyze easily the combination of the input in which fault detection is possible using ATPG. 
[0006] However, in the circuit which has the function in which specification was fixed like memory or a high-speed 
computing element, the combination of SC does not realize, but it is performing a circuit and layout design by the help, 
and the technique of making minimization of element area and improvement in the speed of operation attain is used. 
The thing beforehand designed as MB (Macro Block) or the thing purchased as IP (Intellectual Property) from the other 
company is used for such a circuit in many cases. 

[0007] Such MB or IP is not used as equipment with its simple substance, but where the circuit according to a use is 
arranged and combined with the perimeter, it is used. However, it is unknown at the layout time what kind of circuit is 
arranged around MB or IP. Then, test easy-ized layout, such as scanning F/F and BIST (Build-in Self Test), is usually 
performed to the interior of a circuit by MB or IP simple substance so that fault detection may be possible. 
[0008] Therefore, the formation of test easy is possible for the circuit which performed logic synthesis / automatic- 
layout wiring using SC by scanning technique, and since the test technique is established, easy-izing of a test is possible 
for MB or IP simple substance. 
[0009] 

[Problem(s) to be Solved by the Invention] However, there were the following problems in the conventional equipment 
which combined the circuit, MB, or IP compounded by SC. 

[0010] As shown in drawing 6 , the custom-made block CB2 which consists of the SC blocks SCB2 and MB or IP 
which combined SC is arranged. Scanning connection of F/F is made into the SC block SCB2, and an entry-of-data 
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setup of the request from the scanning input terminal SIT prepared in the equipment exterior and the output of a test 
result are possible. Moreover, the test within the custom-made block CB2 can be carried out according to the technique 
established at the time of layout. 

[001 1] However, in the SC block SCB2, the field AR 2 in which fault detection is possible, and the field AR 3 which is 
not possible exist by scanning layout by having combined with the custom-made block CB2. Since this field AR 3 is 
equivalent to the border area of the custom-made block CB2 and the SC block SCB2 and cannot trace control of an 
input, and observation of an output with a scan, fault detection is impossible for it. 

[0012] As shown in drawing 6 , the technique of performing scanning layout using F/F contained in the custom-made 
block CB2 is also considered. However, when such layout is performed, the area of the custom-made block CB2 will 
increase, and the fall of clock frequency will also be easy to be caused. For this reason, the meaning using the custom- 
made block CB2 will be lost. 

[0013] This invention aims at offering the integrated circuit designed using the layout method of the integrated circuit 
which can easy-ize the test of the border area during the block at the time of combining SC block which can use 
scanning technique, and the custom-made block which consists of MB or IP in view of the above-mentioned situation, 
and this technique. 

[0014] [Means for Solving the Problem] A layout method of an integrated circuit of this invention is the layout method 
which applies scanning technique to an integrated circuit which outputs by performing predetermined processing to 
input data in normal operation mode, when scanning mode is set up, performs said predetermined processing and EQC, 
or simpler processing, and is characterized by adding a bypass means to output said input data. 
[0015] Moreover, in normal operation mode, an input operand and an input operation code are inputted into a layout 
method of an integrated circuit of this invention. It is the layout method which performs predetermined processing 
specified by said input operation code, and applies scanning technique to an integrated circuit of an output operand and 
an output operation code which outputs either at least. When said scanning mode is set up, irrespective of said 
predetermined processing specified by said input operation code A result which said predetermined processing fixed 
beforehand, an EQC, or simpler processing is performed [ result ] to said input operand, and may have had said 
processing performed is characterized by thing of said output operand and an output operation code outputted as either 
at least. 

[0016] An integrated circuit of this invention is a circuit where scanning technique was applied to an integrated circuit 
which outputs by performing predetermined processing to input data in normal operation mode. Said integrated circuit 
for a means to perform said predetermined processing In addition, a scanning mode setting means to set up scanning 
mode, When said scanning mode is set up by said scanning mode setting means, said processing processing and EQC, 
or simpler processing is performed, and it is characterized by having further a bypass means to output said input data. 
[0017] Moreover, in normal operation mode, an input operand and an input operation code are inputted into an 
integrated circuit of this invention. It is the circuit where predetermined processing specified by said input operation 
code was performed, and scanning technique was applied to an integrated circuit of an output operand and an output 
operation code which outputs either at least. Said integrated circuit for a means to perform said predetermined 
processing In addition, a scanning mode setting means to set up scanning mode, When said scanning mode is set up by 
said scanning mode setting means, A processing means to perform said predetermined processing beforehand fixed 
irrespective of said predetermined processing specified by said input operation code, an EQC, or simpler processing to 
said input operand, It has further a means of said output operand and an output operation code to output as either at least 
for a result said processing means may have had said processing performed. 

[0018] Said integrated circuit may be a computing element here. In this case said scanning mode setting means It is the 
scanning mode setting signal input terminal into which a scanning mode setting signal is inputted. Said processing 
means If said scanning mode setting signal is inputted, said fixed processing may be performed to said input operand, 
and said output means may be a thing of said output operand and an output operation code outputted as either at least 
about a result which said processing means processed. 

[0019] Said integrated circuit may be memory in which a store and read-out are possible, and said input operand is a 
write data in normal operation in this case. Said input operation code Or the address, Said output operand is read-out 
data including a control signal which specifies a store or read-out. Said scanning mode setting means It is the scanning 
mode setting signal input terminal into which a scanning mode setting signal is inputted. Said processing means If said 
scanning mode setting signal is inputted, it is based on said control signal. Either said input operand or said input 
operand may be chosen and bypassed, and said output means may output what said processing means bypassed as said 
output operand. 
[0020] 
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[Embodiment of the Invention] Hereafter, the gestalt of 1 operation of this invention is explained with reference to a 
drawing. 

[0021] The gestalt of this operation is applied to the integrated circuit designed by the layout method of attaining test 
easy-ization in the integrated circuit which combined SC block with which scanning layout was performed, and the 
custom-made block which consists of IP or MB, and this method, and shows the configuration of an integrated circuit to 
drawing 1 . 

[0022] As the layout method, the scanning mode setting signal input terminal which changes from normal operation 
mode to scanning mode is newly prepared in the custom-made block CB1. And when a scanning mode setting signal is 
inputted into this terminal, the bypass path to which carry out logic actuation simpler than normal operation, and the 
signal inputted into the custom-made block CB1 is made to output is added to the custom-made block CB1 . 
[0023] Thereby, the custom-made block CB1 replaces functional block which has simple logical organization in 
scanning mode. For this reason, when generating a test pattern automatically using ATPG to the SC block SCB1, it 
becomes possible to combine the custom-made block CB1 and the SC block SCB1, and to perform them. Consequently, 
conventionally, the fault detection of the border area during the block for which fault detection was impossible (the field 
AR 3 in drawing 6 ) can become possible with a scan, and the fault coverage of the whole circuit can be raised. 
[0024] Here, as an example of a configuration of operating in scanning mode, as shown, for example in drawing 1 , two 
input paths LI 1 and L 12 to the custom-made block CB1 from the SC block SCB1 are connected to the exclusive-OR 
( called following and EXOR) gate EX, and the output is inputted into the SC block SCB1 from the output path LI 3. In 
scanning mode, such simple logical operation is performed to the signal inputted into the custom-made block CB1, and 
the output is returned to the SC block SCB1 . It becomes possible to take out and observe the output corresponding to 
input data directly, without being influenced by the hysteresis of the past which remains in the custom-made block CB1 
by this. Therefore, a test pattern is generated automatically by ATPG and it can carry out easy [ of the test ]. 
[0025] Next, what generalized the concept in the scanning mode added to the custom-made block CB1 is explained 
using drawing 2 . 

[0026] In normal operation, the input data of p (p is one or more integers) individual which specifies the class of the 
input operand IND1 - INDn, and operation for the input data of n (n is one or more integers) individual set as the object 
of an operation is set to the input operation code INC1 - INCp. The operation specified by the input operation code 
INC1 - INCp is performed to the input operand IND1 - INDn. Thereby, the data of m (m is one or more integers) 
individual is outputted as the result of an operation as the output operand OUTD1 - OUTDm (m is one or more 
integers), and the output operation code of q (q is one or more integers) individual which shows an operation flag etc. 
further is outputted. 

[0027] If the scanning mode setting signal SMS is inputted to the above-mentioned normal operation, the class of 
operation specified by the input operation code INC1 - INCn will be disregarded, and it will change to the operation to 
which it was beforehand fixed only for scanning modes. Although these contents of an operation can be set as 
arbitration, it is desirable that it is logic actuation equivalent to normal operation or simpler like the above-mentioned 
EX-OR operation, and is the operation in which high fault coverage is possible. 

[0028] As a concrete example of the custom-made block CB1, the layout method for a computing element and its 
configuration are explained using drawing 3 . Two input operands INDA and INDB are inputted into a computing 
element ALU. The operation operation code OOC is inputted, the class of operation is specified, the result of having 
calculated is outputted as an output operand OUTD, and the flag which shows the results of an operation, such as carry 
generating, is outputted as an operation flag OF. 

[0029] The terminal which inputs the scanning mode-setting signal SMS set as scanning mode into such the computing 
element ALU generally used, a means perform the operation fixed by disregarding the operation operation code OOC 
when this signal SMS is inputted, a means output the result performed this fixed operation as an output operand OUTD, 
and a means output the operation flag OF which shows this result of an operation add. 

[0030] In normal operation, two or more kinds of operations, such as AND of addition of arithmetic operation, 
subtraction, multiplication, a division, and logical operation, OR, and EXOR, are included in the operation specified by 
the operation operation code OOC. On the other hand, it is fixed to one kind of operations, such as EXOR of logical 
operation, when set as scanning mode. Since the operation means of EXOR is generally included in the computing 
element ALU, it can divert without newly adding. 

[0031] Moreover, also about generation of the operation flag OF, in scanning mode, the number of bits of output data is 
reduced using the compression circuit CC to the operation operation code OOC, and the operation flag OF is outputted. 
For example, when the operation operation code OOC consists of triplets, a 4-bit input is inputted into the compression 
circuit CC, EXOR etc. is calculated, and the 1-bit operation flag OF is outputted. 
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[0032] As mentioned above as a fixed operation in scanning mode, when using EXOR, the fault detection of the path 
from the input of two input operands INDA and INDB to an operation is possible. 

[0033] On the other hand, irrespective of the value of the input operand INDB, it fixes to " 1 " and using the operation 
which carries out the multiplication of "1" to the input operand INDA is also considered. In this case, although the 
contents of an operation will become simpler, fault detection in the input path of the input operand INDB cannot be 
performed. 

[0034] As other concrete examples of the custom-made block CB1, the layout method for the memory in which a store 
and read-out are possible, and its configuration are explained using drawing 4 . Read/write signal R/W which specifies 
Address AD, read-out, or a store as an input operation code, and the enable signal ENC which activates actuation are 
inputted into Memory MCA, and the input operand IND is inputted as a write data. And when a write data is written in 
the address specified by Address AD when a store was specified and read-out is specified, reading appearance of the 
data currently written in the address chosen by Address AD is carried out as an output operand OUTD. 
[0035] The terminal which inputs the scanning mode-setting signal SMS set as scanning mode, a means will disregard 
Address AD if this signal SMS is inputted, and fix the address to "0" addresses, and a means which were inputted as an 
input operand IND write in, bypass data and output as an output operand OUTD add to the usual memory which has the 
above-mentioned configuration. 

[0036] Thereby, an input of the scanning mode setting signal SMS outputs the input operand IND as an output operand 
OUTD regardless of the hysteresis of the data written in until now regardless of Address AD. Therefore, input/output 
relation is simplified without being influenced by the past data, and fault detection becomes possible. 
[0037] Moreover, the fault detection of the input path of Address AD is also possible by outputting not only the input 
operand IND but the inputted address AD as an output operand OUTD. In this case, although the control means which 
switches and outputs either of the input operand IND and Address AD is needed, read/write signal R/W may be used for 
control, for example. 

[0038] Thus, by adding the configuration in scanning mode to memory according to the gestalt of this operation, the 
logical relation of an input and an output is simplified and automatic generation of the test pattern by ATPG is attained. 
[0039] An output operand exists by the above-mentioned computing element ALU and Memory MCA. However, it is 
also possible for an output operand not to necessarily exist in the custom-made block CB, but only for an operation flag 
to exist, and to add scanning mode according to the gestalt of this operation also to such a thing. 
[0040] A coincidence detector is shown in drawin g 5 as an example in this case. At least two input operands INDA and 
INDB are inputted into the coincidence detector DT, for example, coincidence or an inequality is judged by an EXOR 
operation etc. The result of an operation is outputted as an operation flag OF. 

[0041] A means to input an EQC or the scanning mode setting signal SMS into such a coincidence detector DT 
according to the gestalt of this operation, a means to perform the operation simplified by the case where this signal was 
inputted, and a means to output that result of an operation are added. Thereby, if a scanning mode setting signal is 
inputted, an operation predetermined between the input operands INDA and INDB will be performed, and it will be 
outputted as an operation flag OF. As contents of an operation, an EXOR operation may be performed like normal 
operation. Or one input operand INDA may be used and other input operands INDB may calculate by fixing to the value 
of "1" irrespective of the value. 

[0042] As mentioned above, since the logical relation of I/O of the custom-made block CB1 is simplified, also in the 
border area during both blocks, fault detection becomes possible using scanning technique by combining with the SC 
block SCB1 the custom-made block CB1 which performed layout which adds scanning mode according to the gestalt of 
this operation. A test pattern can be automatically generated using ATPG, without a designer recognizing detailed 
circuit specification by this. 

[0043] Moreover, when making scanning mode add according to the layout method by the gestalt of this operation, it 
can realize by adding the minimum function to output by the simple logical operation fixed to the custom-made block 
using the usually equipped control system. Therefore, addition in scanning mode can suppress effects, such as increase 
toa ************ sca i e> and a fall of a working speed, to the minimum. 

[0044] The gestalt of operation mentioned above is an example and does not limit this invention. For example, it is an 
example, and the configuration of the computing element ALU and Memory MCA which were shown in drawin g 3 and 
drawing 4 as a custom-made block is not limited to this, but various deformation is possible for it. 
[0045] 

[Effect of the Invention] As explained above, according to the integrated circuit designed by the layout method of the 
integrated circuit of this invention, and this method, by simplifying the logic of the I/O in scanning mode from normal 
operation, a test pattern is automatically generated using ATPG etc. and a test can be easy-ized. 
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